The interest of sex determination in embryos has an economical and research implication. This method is directly related to the embryo transfer method, which nowadays is considered to be an industry, in both equine and bovine. The purpose of this work was to evaluate the applicability of equine embryo sexing using the polymerase chain reaction (PCR) and to decide if this method is affordable for Romania and yields good results. Five equine embryos have been obtained by natural breeding using transcervical uterine lavage with Ringer Lactate on 6.5 or 7 days. The DNA extraction was performed by using proteinase K and the DNA was quantified by spectrophotometry. Three sets of primers have been used. The double nested PCR was performed, followed by electrophoresis of the amplified samples. From the five embryos obtained, three samples presented a single 445 bp DNA band and no SRY band and they were considered to be females. In two cases, the 445 bp was accompanied by the SRY-1 217 bp and SRY-2 121 bp band, thus being considered to come from male embryos. The embryo biopsy was done in 2 embryos and one biopsied embryo was transferred to a recipient mare. The transfer of the biopsied embryo did not succeed. PCR is suitable for sexing preimplantation equine embryos, but still in order to perform this type of activity at a commercial level, the infrastructure and the development of Equine Reproduction centres it's mandatory.
INTRODUCTION
The interest of sex determination in embryos has an economical and research implication. This method is directly related to the embryo transfer method, which nowadays is considered to be an industry, in both equine and bovine. Of course, in bovine the number of worldwide transferred embryos is much larger, 500.000 embryos yearly (Cenariu, 2012) compared to equines, 40.833 in 2011 (Stroud, 2012) . This difference is related to the economic interest and also to the fact that in cows, superovulation can be induced with very good results, compared to mares. One of the major objectives of large animal breeders is to be able to choose the sex of the offspring. In horses, the male sex is preferred in Thoroughbreds racing horses (Chezum and Wimmer, 1997 ) and the female sex in Polo horses (Panarace et al., 2013; Hererra et al., 2014) . A number of invasive and non-invasive techniques of embryo sexing have been developed and tested so far. The success and application of embryo sexing became possible only when the biotechnologies in reproduction had developed, especially the artificial insemination and the embryo transfer (Mara L et al., 2004; Cenariu, 2012) . For horse breeders, the importance of sex of the foals it is based on individual consideration and it is in direct correlation with the future sportive activity of the animal. (Aurich and Schneider, 2014) . In mares the genetic diagnosis of the embryo it is very valuable due to the costs of the pregnancy The purpose of this paper is to evaluate the applicability of equine embryo sexing using the polymerase chain reaction (PCR) and to decide if this method is affordable for Romania and yields good results.
MATERIALS AND METHODS
The study was conducted on 10 mares belonging to horse owners nearby Cluj County. Five equine embryos were obtained by natural breeding. The practical research was performed at the Department of Veterinary Reproduction, Obstetrics and Gynecology of the Faculty of Veterinary Medicine, Cluj-Napoca in collaboration with free-practitioners veterinarians, during February-June 2015. The embryos have been non-surgically collected, using transcervical uterine lavage with Ringer Lactate on 6.5 or 7 days. The day of the ovulation was considered day 0. Estrous cycles were monitored using transrectal ultrasonography from February to June, 2015. Mares were administered 3,000 IU hCG (Chorulon®, Intervet/Schering-Plough, Millsboro, DE) i.v. The embryos were collected at 6, 5 or 7 days after the ovulation.
The embryos have been morphologically evaluated at the stereomicroscope. In 2 cases, the biopsy was performed in order to collect a small number of blastomeres from the inner cell mass. In 3 cases the whole embryo was used for DNA extraction. We were interested in the identification of specific nucleotides that can be found only on Y chromosome. The DNA extraction was performed by using proteinase K. The quantification of the DNA was done by spectrophotometry (Spectophotometer NanoDrop ND-1000®). A duplex nested PCR was used for amplification of the DNA using primers for sex chromosome linked-zinc finger protein genes (ZFx/ZFy; 445 bp). The sequence of these two primers was: upstream 5'-ATAATCACATGGAGAGCCACAAGCT-3, downstream 5'-GCACTTCTTTGGTATCTGAGAAAGT -3 (Cullingford, 2010) . The second set of primers contained two pairs of primers for the equine-specific sex-determining region on the Y-chromosome (SRY-1 217 bp; SRY-2 121 bp), according to Cullingford, 2010 . For the first pair (SRY-1) the sequence of the primers was: upstream 5'-ACAAACGGGAGGAGCGGTTA-3' and downstream 5'-CAGGGACTCTGAAGCCACCA-3'. For the second pair (SRY-2), the upstream was:
5'-CCATTCGGGTAACGTTGGCTA-3' and the downstream sequence was: 5'-CAGGGACTCTGAAGCCACCA-3'. The specificity of the primers was tested on control blood samples (n=8) coming from stallions (n=4) and nonpregnant mares (n=4).
The PCR was carried out on a total volume of 25 µL, composed of 2 µl diluted DNA, 9 µL Ultrapure water (Accu GENE® Molecular Biology Water, Lonza, Belgium), 10 µL Supermix, MyTaq™ Red Mix (Bioline, USA) and 1 µl (40 pmol) of the following primers (ZFx/ZFy-F; ZFx/ZFy-R; SRY-F1; SRY-R1). The amplification of the DNA was done by using a thermocycler Corbett Research® (QIAGEN, Netherlands) for 10 cycles. A second reaction (1 µl from the original reaction) was performed with the second pair of SRY-2 for 40 cycles. The amplification scheme consisted of initial denaturation at 95ºC for 2 minutes, denaturation at 95ºC for 45 seconds, primer annealing at 62ºC for 45 seconds and primer extension at 72ºC for 1 minute and the final extension at 72ºC for 9 minutes. The electrophoresis of the amplified samples was performed in a 2% agarose gel stained with RedSafe Nucleic Acid Staining Solution™ (iNtRon Biotechnology, Sangdaewon-Dong, Korea) for 1 hour at 110 V. The results were visualized and photographed using UV light transilumination.
RESULTS AND DISCUSSION
The presence of ZFx/ZFy band confirms the presence of the equine DNA. The presence or absence of the SRY band confirmed the genetic sex of the embryo. In case of absence of this band, the embryo was classified as female. The presence of an SRY-1 and SRY-2 band confirmed the presence of a Y-specific DNA sequence and the embryo was classified as male (Fig. 1) . The second one is more intense due to the amplification of the DNA for 40 cycles. A DNA ladder of 100-500 bp is situated in the left lane.
From the 5 embryos obtained, 3 had reached the morula stage and 2 were in the early blastocyst stage. After the amplification and gel electrophoresis of the 5 samples, 3 samples presented a single 445 bp DNA band and no SRY band and they were considered to be females. In 2 cases, the 445 bp was accompanied by the SRY-1 217 bp band and SRY-2 121 bp band, thus being considered to come from male embryos. As for the quality of the embryos, 2 were transferable and were used for embryo biopsy, while 3 were not suited for this purpose. The embryo biopsy was successful in one embryo and the blastomeres were collected in good conditions. After the biopsy the embryo was transferred to recipient mare, whose estrous cycle had previously been synchronized with the donor's mare. The pregnancy was evaluated by transrectal ultrasound and the mare was considered pregnant if the embryonic vesicle was present at 16 days. In our case, the embryo transfer did not succeed.
The PCR proved to be a useful and not very expensive method for determination of the genetic sex of the pre-implantation embryos. This method it is easy to perform and it requires low expenses for materials and equipment (Cenariu, 2011 ), but still is not applicable in the field because specialized laboratories with trained personnel is needed. The technique was firstly applied in 1985 by Karry Mullis and it was used for the first time in equine embryo sexing by Huhtinen et al. in 1997 . In horses, the quantity of DNA harvested from biopsies is low and a double nested PCR is mandatory (Cullingford, 2010; Herrera et al., 2014) . There are recent studies that evaluate and encourage equine embryo sexing by cell aspiration (Choi et We have noticed that a huge limitation of the applicability of this study is related to the biopsy technique of the embryo. Another impediment in performing this method frequently is represented by the fact that most of the owners do not usually resort to this advanced diagnostic tool because of the cost of embryo transfer and logistical inconveniences.
CONCLUSION
This type of research is a premiere in Romania. It has been done on bovine (Cenariu, 2011) with good results. The PCR sexing method itself is not difficult to be performed and requests low expenses for materials and equipment, but the succes rate of sexed embryos' transfer it is depending on many factors such as the biopsy technique of the embryo and the logistics. In order to be able to offer this type of service, an Equine Reproduction center needs to be created, so that all the steps can be performed in the same location. Improvements of the biopsy technique are necessary to be made in the future in order to reduce the damage of the embryos and to be able to obtain higher pregnancy rates. With all these mentioned, we recommend and encourage the use of commercial PCR sexing kits for equine embryo sexing.
